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Abstract 
The semi-active control of base isolation with energy transition control divice(ETCD) is established 
by installing the ETCD between the isolation floor and the ground. Theoretical models of the ETCD and 
the control system are finished and the numerical simulation for responses of the system excited to 
earthquake is represented. The results show that the ETCD can transform partial seismic energy to 
hydraulic energy, and the energy can be used in further control.  
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1. Introduction
The seismic energy can bring great vibration and damage [1-2], and the energy is very great, but for the
principles of current control technologies (dissipate, absorb or separate the energy passively or actively), it 
often cause the damage of dampers and structure [1-4]. 
It is a good idea to exploit the seismic energy for positive work. This paper proposes a new control 
technology, which can transform partial seismic energy to hydraulic energy and store it by energy 
transition control device (ETCD), and then use the stored energy for further vibration control. The semi-
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active control system model of base-isolation with ETCD is constructed, as shown in Fig. 1(a). The 
system is composed of isolator, ETCD, response data acquisition, signal transmission system and control 
computer. And The ETCD is assembled with hydraulic cylinder, gasbag hydraulic accumulator, check 
valve, electromagnetic directional valve (three-position four-way), overflow valve, oil tank, pipe and so 
on. The schematic diagram of the ETCD is shown in Fig.1(b). 
The system has two running status: energy transiton status and active control status. As shown in Fig. 
1(b), when the electromagnetic directional valve is put on mid-position, the device will be in energy store 
status only. For example, when the piston is driven by the motion of isolation floor or other force to move 
towards right, ,the check valve 1 and 4 will unlock due to the oil pressure difference, so the oil will only 
be sucked from the tank to chamber A and pressed from chamber B to the accumulator. While when the 
piston moves towards left, the check valve 2 and 3 will unlock. So the reciprocating movement of piston 
will pump the oil from the tank into the accumulator continually. Because the oil pressure head, the 
pumping transforms the vibration energy to hydraulic energy and stores it also. 
As shown in Fig. 1(b), the electromagnetic directional valve can adjust the valve spool position to 
utilize the stored high-pressure oil when in is at the control status. For example, if the control system 
requires the rightward force of piston, the control signal will adjust the electromagnetic directional valve 
to connect chamber A to accumulator and chamber B to tank. The differential pressure will drive the 
cylinder piston to give the rightward force.  
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Fig. 1. (a) Sketch of the base-isolation with ETCD;     (b) Principle of ETCD;    (c) Flows of the cylinder 
2. Model of the system 
2.1. Model of ETCD 
There are check valves and electromagnetic directional valves connected to the hydraulic cylinder, as 
shown in Fig.1(c). The flows of  check valve 1 and 3 are defined as qAi1 and qAo1 and the flows of  check 
valve 2 and 4 are defined as qBi1 and qBo1. The flows from the electromagnetic directional valve in or out 
the chamber A are defined as qAi2 and qAo2, and the flows from the electromagnetic directional valve in or 
out the chamber B are defined as qBi2 and qBo2.When the oil flows through the valve, the turbulent flow 
capacity between two sides of an orifice is given by 
V Vq K A P= Δ                                                           (1) 
Where KV is the flow coefficient that depends on the orifice geometry and the fluid density; AV, the orifice 
area; and ΔP, the differential pressure. 
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A Ai1 Ao1 Ai2 Ao2q q q q q= − + −
q q q q q= − + −
Thus far, the net oil flows into each chamber are determined by the difference between the inflows and 
outflows 
                                                        (2) 
B Bi1 Bo1 Bi2 Bo2                                                          (3) 
When the piston displaced a distance from the center position, the chamber pressures are[5] 
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Where y is the piston displacement from center; AP, the piston area; VA and VB , the volumes of oil in 
chamber A and B, respectively; ystroke is the maximum piston displacement from the center, and VT=
VA+VB, the total volume of the cylinder. 
Thus the retroaction of piston to structure is 
(P A BF A P P= −                                                          (6) 
2.2. Model of  base isolation with ETCD 
2.2.1. Differential equation 
The structure in Fig.1 can be approximated as a multi-degree-of-freedom system, and the equation of 
motion is 
0 0FMx Cx Kx H F H x+ + = +&& & &&                                                  (7) 
Where the M, C, K are mass matrix, damping matrix and stiffness matrix, respectively; x&& , x& , x  are 
acceleration vector, velocity vector and displacement vector of the system; F, the control force of the 
ETCD; 0x&& , the earthquake excitation; HF, H0 are action position and action gain vector. 
2.2.2. Control algorithm 
If the device is in active control status, the optimal control force can be derived from the classical 
linear quadratic optimal control (LQR) 
U GZ= −                                                                          (8) 
But the energy source of the ETCD is the accumulator, so it can implement semi-active control without 
external energy. If we define U0 as threshold force, the control algorithm in this paper can be defined as: 
Case  -U0<U<U0:  CtrCmd=0, mid-position spool, the electromagnetic directional valve is locked; 
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Case     U U0:   CtrCmd=-1, connect the accumulator with chamber A; ≥
Case    U≤ -U0:   CtrCmd=1, connect the accumulator with chamber B. 
2.2.3. Simulation model 
According to the theoretical model of the ETCD and the structure, the simulation model of the system 
is finished by Matlab Simulink. The simulation model of the structural system is composed of hydraulic 
pressure module, oil flow module, control algorithm module and accumulator module, as shown in Fig. 2. 
 
Fig. 2. Block diagram model of the control system with ETCD 
3.  Numerical simulation and results analysis 
To study the performance of the control system it is necessary to perform a simulation. In the 
simulation a seven-storey isolation structure with ETCD is considered. Applied excitation is the 
acceleration of ground motion recorded by El Centro site in Imperial Valley earthquake, occurred in May 
18, 1940. In the work, the peak ground acceleration (PGA) is adjusted to 4.0 m/s2.  
The structure without-control and the isolation structure with ETCD excited by earthquake are 
simulated. The actual control force is compared with the optimal control force in Fig.3(a), and the seismic 
input energy Ei, device transition energy Et, active control waste energy Ec and accumulator stored energy 
Ea, are sown in Fig.3(b), respectively. It can be seen that the actual control force can trace the optimal 
control force correctly and about 50% seismic input energy is transformed to hydraulic energy, and 
approximate 50% transition energy is used to perform active control. This indicates that the ETCD can 
transform partial seismic energy to other energy and the energy can be applied to work effectively. 
The first-storey drift response history of the structure is shown in Fig4.(a), respectively for the control 
and without-control case; and the comparison of top-storey acceleration response for two cases is shown 
in Fig4.(b). The figures show that the isolation with ETCD semi-active control has obvious control effect. 
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Fig. 3. (a) Actual force and optimal force  (b) Energy distribution in structure system 
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Fig. 4. (a) First storey drift (b) Top storey acceleration responses 
4. Conclusion 
In this study, the energy transition control device (ETCD) and the semi-active control system with the 
device are proposed. The study shows that the energy transition effect can reach 50%, and the ETCD can 
employ the transiton energy to implement active control, and the utilization ratio can reach approximate 
50%. The control computer can give real-time control signal to the ETCD, and the actual control force 
can trace the optimal control force correctly. Because the passively energy absorb and the actively 
control, the vibration control effect is obvious. And it is economical because the device is assembled with 
current elements 
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